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Pilot certification relies on a single subjective flight exam to determine competency and 
safety.  Evidence-based evaluation of an airman’s historical flight performance through 
flight recorder data may offer increased validity and reliability in training and in 
certification.  This study examined commercial pilot students (N=13) training in Cirrus 
SR-20 aircraft in a collegiate flight training program.  Each student’s performance of the 
steep turns maneuver before, during, and after a flight exam using digital flight recorder 
data was correlated with each other to examine the validity of single evaluation flight 
exams.  The results indicate that each student’s average historical performance before a 
flight exam is a more accurate indicator of future performance than the flight exam itself.  
This study investigates the feasibility of utilizing digital flight recorder data to objectively 
analyze students’ flight performance. 
 
The current process for pilot certification by the Federal Aviation Administration (FAA) is individually 
subjective, despite continuous efforts for standardization (FAA, 2010).  There are hundreds of Designated 
Pilot Examiners (DPEs) across the country that are charged with applying the Practical Test Standards 
(PTS) developed by the FAA towards pilot certification for individual applicants.  Each of these 
examiners has the responsibility of utilizing the PTS to strictly deliver a practical exam.  It is difficult for 
examiners to be impartial in this process.  Furthermore, stable and qualified pilots occasionally have 
flights outside tolerances allowed by the PTS while mediocre pilots may have flights in which they meet 
standards only for the duration of the exam.  A DPE only has the opportunity to observe one flight for 
which they can base their determination of the satisfactory or unsatisfactory outcome for pilot 
certification.  Digital parameters provided by a data collection system combined with the qualitative 
inputs from the instructor will provide flight instructors with more information in not only the training 
process but for determining whether a particular student is statistically prepared for a practical exam.  
Most importantly data collection will provide the DPE with a trend of information over multiple flights 
where a more rounded picture can be analyzed with a statistical probability and reliability of future 
performance.  This paper will provide an initial analysis as to the feasibility of utilizing data collection 
systems as a mechanism to radically change the process during which pilots are trained and certified.   
 
This study will use digital flight recorder data to compare commercial pilot students’ historical 
performance of the steep turn maneuver during training flights to their performance during a phase check 
course completion exam and to post exam performance.  The primary research question that this paper 
addresses is: Is there a correlation between students’ historical performances of a maneuver and their 
performances during flight tests?  A secondary research question is: Is there a correlation between human 
grading and evidence-based grading of a maneuver on students’ flight tests? 
 
Literature Review 
 
A pilot flight test is designed to ensure that an applicant meets the standards for knowledge and skills 
listed in the Practical Test Standards (PTS) for the certificate or rating sought (FAA, 2010; FAA, 2002) 
which are based upon Part 61 of Title 14 of the Code of Federal Regulations.  The practical flight exam, 
combined with a written test and flight instructor recommendation, is the final demonstration of ability in 
pilot certification.  The role of the DPE is to subjectively evaluate a pilot’s competency through a 
scenario-based practical test, with emphasis on Single Pilot Resource Management (SRM) skills.  The 
scenario should be designed to include as many operational tasks of the PTS as possible while accurately 
replicating the implications of a realistic flight.  This allows the examiner an opportunity to evaluate the 
applicant under realistic flight circumstances, and determine if he/she is capable of safe airmanship in the 
future.  PTS tasks that cannot be incorporated into the scenario, such as steep turns shall be accomplished 
during a break or at the end of the scenario.   
The demonstration of the aeronautical skill portion of a flight exam represents the completion of tasks, 
such as steep turns to evaluate an applicant’s technical flying ability (FAA, 2010).  The objectives and 
tolerances for the technical maneuvers are listed in the PTS (FAA, 2002).  For example the steep turns 
maneuver shall consist of a coordinated 360° steep turn with at least 50° of bank, followed by a steep turn 
in the opposite direction at the recommended airspeed, not to exceed maneuvering speed (Va).  The 
applicant shall divide attention between airplane control and orientation, and exhibit knowledge of the 
elements related to steep turns.  The tolerances are to maintain the entry altitude, ±100 feet, airspeed, ±10 
knots, bank, ±5°, and to roll out on the entry heading, ±10°.  Unsatisfactory performance is to be 
determined by the examiner if the applicant consistently exceeds the tolerances or fails to take prompt 
corrective action when tolerances are exceeded.  The DPE must subjectively evaluate whether or not an 
applicant consistently performs within the PTS tolerances, and takes prompt corrective action if 
deviations from the tolerances occur. 
Subjective evaluations will always remain a part of pilot evaluation (Meister, 1999).  It is assumed that all 
performance measurement will have some level of subjectivity.  All methods of measurement and 
evaluation are subjective at some point in the development of any grading metric.  A useful performance 
measurement metric should be valid, reliable, and quantitative while minimizing intrusiveness.  
Operationally collected data is preferred to maintain these qualities.  
Evidence-based evaluation techniques have been utilized in many industries to improve the reliability and 
validity of performance measurement (Carpenter, Kane, Carter, Lucas, Wilbur, & Graffeo, 2010).  The 
medical industry has already begun to use evidence-based evaluations in human skills performance 
testing (Kirby, Numnum, Kilgore, & Straughn, 2008).  Gynecology residents at a teaching hospital 
undergo simulator training in laparoscopic surgery.  Laparoscopic surgery is a minimally invasive surgery 
utilizing a camera inserted through a small incision to monitor the surgical instruments.  The simulator 
training involves a series of six tasks to develop the residents’ dexterity.  The simulator grades each 
resident on the ability to perform the tasks within specified tolerances. 
Early aircraft flight data monitoring and evaluation began in the aviation industry with British Airways 
and TAP Air Portugal in the 1960’s adapted by the Flight Safety Foundation and the FAA in the 1990’s 
(Lacagnina, 2007). The FAA implemented the Flight Operational Quality Assurance (FOQA) program in 
2004.  FOQA is designed to be a voluntary, non-punitive safety program that allows commercial airlines 
to monitor and share de-identified recorded flight data (FAA, 2004).  Monitored data trends are evaluated 
to determine operational risk issues that may lead to potential safety hazards.  The key to the program is 
that corrective actions to unsafe operations are applied and maintained.  Proactive action to potential 
hazards can have significant impacts to aircraft accident reduction. 
Flight data monitoring is not limited to commercial aviation.  The Flight Safety Foundation began a three 
year demonstration project called Corporate Flight Operational Quality Assurance (C-FOQA) involving 
27 business jets operated by two companies (Lacagnina, 2007).  The two operators reported interest and 
benefit to the data analysis. 
FOQA programs target operational trends of the entire flight department within an organization.  Another 
direction would be to evaluate individual pilots, and determine exactly that individual’s strengths and 
weaknesses.  The Advanced Qualification Program (AQP) represents a data-driven system to evaluate 
individual performance (FAA, 2006).  AQP is a voluntary program that offers an alternative method for 
the certification of aviation personnel.  AQP training programs replace programmed flight hours with 
proficiency-based training and assessment.  There is an emphasis on scenario based training and 
evaluation.  The program utilizes evidence-based quality control and allows for flight data to be used in 
performance assessment. 
AQP’s alternate means for evaluation allows for evidence-based pilot certification.  With the increased 
availability of General Aviation Flight Data Monitoring (GA-FDM), improved reliability and validity of 
flight tests are available to Part 91 general aviation flight organizations (Lau, 2007; ATA, 1998).  An 
individual’s collective flight record can be a more accurate indicator of future performance than a single 
flight test.  Flight data is limited to measuring technical performance and would be difficult replace an 
examiner’s judgment of human factors, SRM, ADM, and overall airman competency.  Future application 
of this research may allow an examiner to use a student’s entire performance history, to supplement or 
replace portions of a flight exam. 
Methodology 
 
This study examined commercial pilot students (n=13), training in Cirrus SR-20 aircraft, in a collegiate 
flight training program.  An analysis was performed of each student’s performance of the steep turns 
maneuver before, during, and after a course completion phase check.  An automatic computer grading of 
digital flight recorder data provided an objective measurement of performance.  The flight recorder data 
was collected from the Garmin G-1000 Perspective avionics system installed in the Cirrus aircraft. 
 
Each student’s pre-phase check performance will be the average of their ten most recent repetitions of the 
maneuver before their phase check.  The post-phase check performance will be the average of each 
student’s first five repetitions of the maneuver after their phase check.  Four Pearson-R correlation tests 
were performed to compare the students’ entire historical performance, their performance before the 
phase check, their performance during the phase check and their performance after the phase check.  A 
fifth Pearson-R correlation test was performed to compare the objective grading metric to the subjective 
grades issued by the phase check examiners.   
 
Each maneuver was objectively graded as the average normalized deviations in altitude, bank angle, and 
airspeed per second.  The grading metric was based on the Commercial PTS tolerances for the steep turns 
maneuver.  A score was calculated for each second of the maneuver by summing one point per foot of 
altitude deviation, ten points per knot of airspeed deviation, and twenty points per degree of bank 
deviation.  These weights were applied to normalize the score such that a full deviation to the PTS 
tolerances of any one parameter would result in a score of 100 points.  A 100 point penalty was assessed 
for any instance the pilot failed to roll out on the entry altitude within the tolerances.  This one time 
penalty is assessed because a failure to roll out on entry heading is a pass/fail tolerance, indicating a 
failure of 1/4th of the maneuver and penalized as 1/4th the score.  Level flight in this grading metric is 
considered any bank less than 10°.  The bank parameter is only measured when the aircraft heading is 
more than 25° (half the bank angle for roll transitions) from the entry heading, excluding the transition 
period from level flight to the established steep turn.  A score of zero would indicate zero parameter 
deviations throughout the maneuver and therefore considered perfectly performed.  An average 
normalized score of 400 would indicate a maneuver performed entirely at the tolerances established by 
the PTS standards.  Any score in excess of the 400 would indicate a maneuver performed largely outside 
of all of the tolerances of the maneuver.  The subjective grade issued by the phase check examiner was 
based on the examiners in-flight observations of altitude, airspeed, bank, and heading control.  A perfect 
performance of the maneuver would receive a score of 20.  Any deficiencies in performance during the 
maneuver would result in a reduction of the score from 20. 
 
Results 
 
The scores for each of the participants are included in Table 1.  There was no correlation between the 
phase check performances and each student’s historical data, including pre-phase check and post-phase 
check maneuvers (r = -0.07).  There was no correlation between the pre-phase check performances and 
the phase check performances (r = 0.08).  There was no correlation between the post-phase check 
performances and the phase check performances (r = -.01).  There was a large correlation between the 
pre-phase check performances and the post-phase check performances (r = 0.73).  There was also a large 
correlation between the objective phase check scores from the data analysis and the subjective phase 
check examiner scores (r = -0.61).   
 
During the phase check, 69% of the students performed the maneuver better than their historical 
performance average, including pre-phase check and post-phase check repetitions.  85% of the students 
performed better than their pre-phase check average scores and 62% of the students performed better than 
their post-phase check scores.  62% of the students showed improvement in the post-phase check scores 
when compared to their pre-phase check scores. 
 
Table 1 
 
Average Steep Turns Maneuver Scores. 
 
Subject 
Pre-Phase 
Check Phase Check 
Post-Phase 
Check 
Combined 
Pre/Post 
Subjective 
Grade 
1 219 157 186 208 16 
2 192 91 153 179 18 
3 198 176 147 181 18 
4 195 139 164 185 19 
5 210 89 194 205 19 
6 187 102 188 188 19 
7 268 263 146 228 16 
8 184 179 155 174 18 
9 200 218 205 202 15 
10 203 74 201 203 19 
11 164 239 194 176 17 
12 182 124 260 195 16 
13 355 141 458 372 16 
            
 
 
Discussion 
 
The large correlation between pre-phase check performance and post-phase check performance indicates 
that the historical flight data provides an accurate indication of future performance on the steep turn 
maneuver.  The results indicate that the phase check performance did not reflect either the historical or the 
future performances of the steep turn maneuver.  Since good performance is indicated by a low score on 
the digital data evaluation and a high score on the subjective examiner evaluation, the large negative 
correlation indicates the validity of the digital data evaluation for measuring steep turn performances.  
The students’ performances indicated that overall improvement had occurred from the pre-phase check 
performances to the post-phase check performances.  The phase checks themselves however yielded 
better performances than either the pre-phase check and the post-phase check averages.  It is important to 
mention that the amount of pressure to perform that the pilot is experiencing is different during some of 
these assessment periods.  During pre-phase check and post-phase check the amount of pressure to 
perform by the pilot would be similar, but during the phase check the amount of pressure to perform is 
higher due to the fact that the pilot is being graded by a perceived superior.  40% of the final grade in the 
flight course is based solely on the performance of the pilot on this one flight.  Even during the times that 
a flight instructor is observing the pilot during the pre-phase and post-phase checks there is a lower level 
of pressure because of the small impact a negative performance would yield.  Performance of the steep 
turn maneuver critical for a good final grade so it is possible that the participants were paying a higher 
level of attention during the performance of each maneuver and therefore yielding a better performed 
maneuver.  This could account for the discrepancy on the correlations during the various flight periods.  
The amount of pressure to perform on a phase check and during a practical exam for pilot certification 
would be similar, but this study did not compare the performance on the phase check versus a practical 
exam. 
 
This study did not attempt to define quantitative standards for passing or failing a maneuver.  Further 
research may use a larger population for an extended period of time to establish qualitative grading 
standards.  This study also did not take into consideration students’ attempts to correct for performance 
deviations.  The Practical Test Standards do allow for an applicant on a checkride to exceed a limitation if 
prompt corrective action is taken to return the aircraft to within standards.  The definition of “prompt 
corrective action” is determined by the particular Designated Pilot Examiner giving the practical exam.  
Further research should solidify an acceptable measure of “prompt corrective action” and then apply a 
measured time it takes for pilots to react and apply corrections to their deviations to be utilized in the 
evaluative process. 
 
Summary and Conclusions 
 
The question needs to be asked, “What is the end of course completion phase check (or pilot certification 
flight test) supposed to assess?”  The results from this study indicate that the performance on the phase 
check for the steep turn maneuver is different than it is before or after the phase check.  In all but three 
cases the performance during phase check was better than during the pre-phase and post-phase sessions.  
With the low number of pilots that were evaluated it will take more information before it can be surmised 
that a pilot will perform better during phase checks than on normal flights, but that is the initial finding.   
 
Lastly, pilot certification is limited to a single subjective evaluation of technical performance and 
personal judgment by a Designated Pilot Examiner.  The practical flight exam is designed to be a 
scenario-based evaluation of airman competency and a one-time indicator of a pilot’s performance and 
safety.  It is difficult for a single subjective evaluation of an individual’s performance to be a valid and 
reliable indicator of actual level of competency.  Evidence-based evaluations of recorded flight data offers 
an alternative method to enhance the adequacy of pilot training and evaluation.  Future application of this 
research may allow instructors to statistically analyze whether or not a student is competent to perform 
technical maneuvers such as steep turns before a flight exam leading to the possibility of an AQP based 
training program being implemented in collegiate flight training.  Furthermore, Designated Pilot 
Examiners may be able to use a student’s entire performance history to supplement or replace portions of 
a flight exam.  Overall this study provides evidence supporting a shift towards evidence-based pilot 
training and evaluation.  
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